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Abstract 
Purpose – The purpose of this paper is to explore the process, and analyse the 
implementation of constructability improvement and innovation result during the planning 
and design for sea water intake structure of fertilizer plant project. 
Design/methodology/approach –The research methodology approach is case study method 
at project level. This constructability improvement process was investigated by using 
constructability implementation check lists, direct observation, documented lesson learned 
analysis and key personnel interviews. 
Findings – The case study shows that the implementation of constructability during planning 
and design stage for this sea water intake structure has increased the project performance as 
well as improved the schedule by 5 months (14.21%) and reduced the project cost by 15.35%. 
Research limitations/implications – This case study was limited to three (3) previous sea 
water intake projects as  references and one (1) of new method sea water intake structure at 
fertilizer plant project. 
Practical implications – A constructability improvement check list using theory and lesson 
learned for the specific construction project was documented. 
Originality/value – The findings support the relevant study of constructability and provide 
specific lesson learned for three (3) previous project and one (1) of the new innovation 
method of the construction project and documented by the company. 
Keywords – constructability, design and build, sea water intake, fertilizer plant project, 
construction management, knowledge sharing 
Paper type– Case study 
 
Introduction 
Increasing competitiveness in construction industry requires construction companies to 
improve their capabilities. Many studies and procedures in quality improvement focus on 
project quality improvement technique and efficiency such as total quality management, value 
engineering, designability, constructability, operability, maintainability and other quality 
improvement techniques. Early involvement of construction knowledge and experience 
reduce the likelihood of creating designs that cannot be efficiently built, thereby reducing 
design rework, improving project schedule, and establishing construction cost saving 
(Russell, 1994). 
In the US, CII (Construction Industry Institute 1998) has developed 17 Constructability 
Concepts, which are grouped under three main phases of Project Life Cycle, viz. conceptual 
planning, design and procurement, and field operations. Those concepts were based on the 
experience of the owners and contractors represented in CII Constructability Task Force, and 
the findings of research directed by the CII Constructability Task Force. The main purpose of 
the concept is to stimulate thinking about constructability and how to make it work. The 
second CII Constructability Task Force appended three additional concepts, two for planning 
phase and one for design and procurement phase (Russell  et al, 1992). 
The concept of constructability in the US (or buildability in the UK) emerged in the late 
1970s. It evolved from studies of constructability into how improvements could be achieved 
to increase quality and cost efficiency in construction industry. It is an approach that links the 
design and construction process. It became the subject of a number of research works in the 
1980s (Sidwell, 1996). Constructability is the capability of construction project being 
constructed. A Constructability program is the application of a disciplined, systematic 
optimization of the construction-related aspects of a project during the planning, design, 
procurement, construction, test and start-up phases by knowledgeable, experienced 
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construction personnel who are part of a project team. The program’s purpose is to enhance 
the project’s overall objectives (ASCE CM Committee, 1991). Constructability is also defined 
as the ability of project condition to enable the optimal utilization of construction resources 
(O’Connors, 1986b). 
The constructability concept was born out of the realisation that designers and contractors 
see the same project from different perspectives, and optimising the project that requires the 
knowledge and experience of both parties be applied to project planning and design processes 
(Gibson, 1996). However, many owners, engineers, and contractors are still not aware of the 
potential benefits of improved constructability. Opportunities to reduce the schedule, improve 
the functionality of the final product, and reduce costs are lost when construction is separated 
from planning and engineering (CII, 1996). Hence, the focus or objective of this paper is to 
explore and analyse the process of constructability implementation during planning and 
design stage that will improve the cost and schedule as well as the project performance. 
 
Literature Review 
Constructability input is needed because of the high technical complexity of today’s project 
and the ever increasing demands for faster and lower cost delivery of finished facilities 
(Fischer, 1997). But collecting constructability improvement ideas is not an easy task. It 
requires perseverance on the collector’s part and often alternative though processes for those 
providing the ideas. Designers are asked to think like constructors and constructors are asked 
to think like designers (O’Connor’s, 1986a). 
Constructability is the integration of construction expertise into all phases of the project to 
benefit cost, schedule, quality, and overall project objectives. The successful use of 
construction knowledge and expertise increases the probability of project success. 
Constructability reviews should be conducted at key points in the project life cycle: in the 
planning phase, early in the design phase, prior to the procurement phase and again prior to 
the mobilization phase for construction. Constructability reviews should hold true to the 
designer’s intent, and the design concept is the easiest molded to good constructability early 
in the design phase (AACE, 2009). 
Compare to the traditional approach, design and build procurement system has better time 
performance and cost benefits. It also increases the ability to innovate the design and 
construction  (adapted from Weng et.al, 2006). 
O’Connor (1988) stated that the constructability is enhanced when innovative 
construction methods are utilized. The innovative construction methods refer to methods that 
are not generally considered common practice across the industry and which are often 
creative solutions responsive to field challenges. Innovative construction methods may 
involve: 
(1). innovative definitive sequencing of field tasks; 
(2). innovative uses of temporary construction material/ systems; 
(3). innovative uses of hand tools; 
(4). innovative uses of construction equipment; 
(5). constructor-optional preassembly; 
(6). innovative of temporary facilities directly supportive of field methods ; and 
(7). post-bid constructor preferences related to the layout, design, and selection of 
permanent materials. 
A new design and technology may be a “useful tool” for company to sustain in construction 
industry. Innovation can provide the company competitive strategy to achieve the project and 
company objectives. However, the construction innovation can also be associated with certain 
risk associated when in use. The construction companies can use different approaches and 
strategies to effectively implement the design innovation, based on their limited resources. 
Innovation is defined as a nontrivial improvement in a product, process, or system that is 
actually used, in which is novel to the company developing or using it (Marquis, 1998, edited 
from Slaughter, 2000). 
Continuous improvement not only involves problem solving on projects but also a 
proactive search for methods of completing a task more efficiently. The first step of the 
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process is problem avoidance. That is, looking and accounting for areas that may later cause 
problems. In the construction industry, this means making a formal effort to recognize 
problems during the planning and design phases instead of discovering problems during 
construction. The second step in continuous improvement is identifying methods that increase 
productivity including technological innovations (Haider, 2009). 
Most informal constructability programs consist of only a set of checklist used by 
construction personnel to review design documents for completeness, errors, and omissions. 
This program is less effective than proactive formal program because construction knowledge 
and experience is provided in a reactive manner. Suggestions made by construction personnel 
often require redesign. The required redesign can contribute to an adversarial relationship 
between designers and constructors, as well as increase design cost and the project’s schedule 
(Russell, 1993). 
O’Connor (1987) performed research and explored CII constructability concepts for the 
design phase. The format for each concept is comprised of three parts: (1) Statement of the 
concept; (2) discussion of the concept and (3) specific application of the concept. The 
simplified concepts are focusing in (1) construction driven schedules, (2) simplified design 
configurations, (3) standardization of the elements, (4) module/ preassembly designs which 
facilitate fabrication, transport, and installation, (5) accessibility and adverse weather.  
The report findings (Tatum, at all, 1986) suggested that the decisions made during 
conceptual planning have a major impact during the remaining project life-cycle, particularly 
on the construction or the constructability of the project. The report indicated that the 
involvement of those who have construction knowledge and experience in this phase could 
provide information for critical decisions in the following three areas: 
(1). Project planning. Consideration of construction in the planning phase can result in 
two types of construction benefits: managerial benefit by having an efficient 
construction work plan as a result of sequences and schedules for completion of the 
design that better fit construction needs; and technical benefit by providing design 
concepts, criteria, and approaches that make the final design easier to build. 
(2). Site layout. Consideration of the effect of the site layout on construction input can 
identify and avoid, generally with only minor changes in the original design concept, 
many types of construction problems, and thereby promote efficient construction. 
(3). Selection of construction method. Consideration of the construction method during 
the conceptual planning phase offers a major opportunity for improvement of 
constructability, thereby overcoming major technical challenges and avoiding high-
risk operations. It is also a means of cost reduction. 
Slaughter (2000) presented six implementation stages for innovation, often identified in 
theoretical literature and empirical studies, which include: 1) identification; 2) evaluation; 3) 
commitment; 4) detailed preparation; 5) actual use; and 6) post-use evaluation as seen in 
Fig.1: 
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Figure 1.Implementation stages for innovation (Slaughter, 2000) 
 
A critical factor for the identification stage is the presence of a person within the company 
who is aware of potential solutions that might be applicable to the problem at hand (Slaughter, 
2000). A constructability system can enhance customer satisfaction by facilitating teamwork 
among owner, designer, and constructor representatives as early as the planning phase of a 
project. By doing so, it provides more resources, including construction knowledge and 
experience, for planning and designing a quality project that maximizes construction 
productivity. Constructability is a means of continuous improvement in several respects. 
Maintaining a lessons-learned database allows communication of positive and negative 
activities and experiences from one project to future projects. Thus, improvements and 
innovations can be implemented in future designs. Also, construction personnel may be more 
aware of innovations in equipment or construction techniques that may play a key role in 
improving designs (Haider, 2009). 
Project performances are measured from constructability benefit parameter that presented 
by Russell (1994b), where the benefit can be either quantitative or qualitative as seen Fig. 2: 
 
 
 
Figure 2. Framework for determining constructability benefit (adapted from Russell, 1994b) 
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Research Methodology 
The aim of this research is to explore and analyse the process the implementation of 
constructability innovation at the project level. Early involvement of construction knowledge 
and experience (constructability aspect) at planning and design phase will increase project 
performance (CII, 1986; O’ Connor, 1987; Russel, 1994; Trigunarsyah, 2004; and Nawi et al., 
2009). Case study was the preferred method of this research, as it studied contemporary 
events, but with the relevant behavior unable to be manipulated (Yin, 1994).  
A case study methodology was used to explore the process and analyse the 
constructability innovation at project level. This research collected the primary source of 
documented lesson learned file from three (3) similar Sea Water Intake Structure using 
conventional method as references and one (1) new innovative method of Sea Water Intake 
Structure, using direct observation and key personnel interviews. The innovation process are 
adapted from previous case study that conducted at the same company by Trigunarsyah at al., 
(2007). 
This case study is to describe a process of technological innovation and improvement 
within the construction firm and to develop implications for increasing its rate. In this study, 
construction technology is defined as a combination of construction method, construction 
resources, work tasks, and project influence that defines the manner of performing a 
construction operation (Tatum, 1987b). Innovation is the first use of technology within 
construction firms (Construction, 1981, edited from Tatum, 1987b). 
This study focuses on designing process and changing innovation from the existing 
conventional design based on constructability concept. Informal constructability program are 
developed to facilitate interdisciplinary communication between construction and design 
engineering personnel. 
Parameters of constructability for this case study are the combination of the 
implementation of CII constructability concepts at planning (eight concepts), design and 
procurement (eight concepts) stages only, and focusing in specific application of 
constructability that has already been studied by O’Connor (1987). The parameters are as 
follows:  
(1) early involvement of construction personnel (or knowledge and experiences),  
(2) overall project schedules are driven by construction sensitive  
(3) modularization and preassembly,  
(4) standardization 
(5) simplified design configuration  
(6) construction method and innovation.  
 
The constructability implementation check lists for this innovation were developed from 
constructability improvement classifications by O’Connor (1986b). A common concern 
among the organization in the process of formalizing their program was lack of reference to 
assist them in developing a program that compatible with the characteristics of the 
organisation and projects. 
 
Project Description and Background 
The project selected for this case study was the engineering, procurement, construction and 
commissioning (EPCC) – design built of the Fertilizer plant in Bontang, Indonesia with 
project duration for phase-1 was 32 months. The contractors were consortium of PT Rekayasa 
Industri and Mitsubishi Heavy Industry.  
PT Rekayasa Industri is an Indonesian state owned construction company, which 
specializes in industrial type construction projects. PT Rekayasa Industri has been involved   
in projects related to conceptual planning, engineering design, procurement, construction (or 
EPC) or project management services. For EPC projects, the size ranges up to US$ 250 
million. Implementation of constructability improvement performed by PT. Rekayasa Industri 
was based on the concepts of constructability developed by the CII. 
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Sea Water Intake (SWI) structure (refer Fig. 3), which is one of the important components 
in the fertilizer plant  project was chosen as a case study for several reasons: 1) it is one of the 
fertilizer plant projects that was carried out  by the local contractor; 2) this project  was a 
designed and built project, schedule driven like most industrial plant projects, and most of 
engineering activities  were overlapped with procurement and construction, and some portion 
work in potentially hazardous conditions;  3) diverse complexities of the scope of project, and 
multi-interdisciplinary were involved in; 4) the first author was highly involved in the project 
during the planning, design and construction stages. The earlier experiences on three (3) sea 
water intake constructions had made used conventional method that the approaching method 
of construction equipment were from the sea. The innovative method described in this paper 
was introduced to improve the constructability, cost and schedule of the project. 
 
 
Figure 3. Overview: Sea water Intake  
 
Project Constructability Implementation 
The awareness on constructability benefits had enabled the upper managers to make more 
informed decisions regarding the early inclusion of construction knowledge and experience 
into the conceptual planning and design stages. 
Business consideration resulted in a scheduled total duration of 32 months for the entire 
fertilizer plant project. The construction of the SWI structure was critical to the overall project 
schedule. Based on the fertilizer plant project average, a project of this size and scope is 
usually expected to take 30 to 36 months to complete. Contractor’s project participants 
partially attributed to the achievement of the project duration by committing to implement 
constructability. 
During the design stage, the contractor needed an innovative construction method for 
competitive strategy purposes. The contractor proposed the technological improvement 
alternatives design based on constructability implementation concept. This concept is 
primarily directed toward constructor organization. As discussed in the Constructability 
Concept file (CII, 1986), the design and built contract method can enhance the 
constructability innovation because the constructor preferences are identified early-on, prior 
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to bidding or during bidding stage, and are effectively treated during design and procurement 
and reflected in initial of issue of drawings and specifications. Under such ideal 
circumstances, “design breakage” is minimal and the preferences are given full consideration 
by designer with construction personnel. 
In this case study project, the improvement was to change the conventional SWI structure 
construction method, implemented at three (3) previous similar projects that involved more 
construction activities at sea side (refer fig. 4), with a  new innovative method that focusing 
on  construction from the land side (refer fig. 5). Difficulties in arranging the big piling barge 
and lack of accessibility to install the pipe header close to sea water intake were parts of the 
reasons the contractor proposed the new method. The innovative construction method was 
made possible following series of discussions between the contractor and engineers during the 
design process. This method,  where constructability concept was incorporated early in the 
design effort, had resulted in a significant schedule and cost improvement. 
 
 
Figure. 4. Conventional SWI construction Method 
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Figure 5.  New Innovative SWI Construction Method 
. 
Commitment by all parties such as contractor management, multi-discipline design engineers, 
construction experts, site construction engineers, and owner, responsible for achieving the 
constructability objectives, was crucial to reduce the degree of risk associated with the 
proposed innovative construction method. Once decision had been made, the multidiscipline 
engineers worked closely on the new method by prioritizing sequencing of engineering 
activities to ensure that the innovative idea can be realized. 
Another important element of constructability in this project was the lessons learned 
database owned by the contractor, which was extensively referred to while constructability 
discussions took place. The evaluations of the new method with respect to the module it 
replaces and the risk associated with the design changes within the conceptual development 
design were carefully done. Table 1 shows the site conditions and risks associated with the 
conventional SWI construction. 
 
 
Table I. Site Conditions and Risks of Conventional Method 
 
No Condition Risk 
1. Reclamation area Land sliding 
2. Installation of pipe header Critical Path 
3. Piling Barge Readiness of Piling barge 
Limited maneuvers 
4. Sheet Piling and support 
Purchasing and delivery 
Leaking/ heavy wave, water tide 
Very deep, -11 meter below MSL 
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Due to the above reasons and after several brainstorming sessions, the selected 
constructability team had three alternative method statements for the construction of the SWI 
structure for further evaluation. The alternative method statements are as follows: 
Method 1. Conventional method  
• Cofferdam at the sea, using piling barge 
• Excavation 
• Dewatering 
• Concrete Structure work 
Method 2. Moving to the sea from the land side Method  
• Reclamation from shore (55 metres) 
• Piling, and combi-pile using onshore piling machine 
• Cofferdam 
• Excavation 
• Concrete structure work 
Method 3. Sinking method 
• Pouring at ground elevation 
• Down-Lifting combine with wall excavation. 
 
Implementation of the project constructability innovation process for this research are adapted 
from Trigunarsyah et. al., (2007), as follows:  
1. Assigning personnel as constructability champion to do comparative study for 
specific construction methods. 
2. Collecting the project lesson learned from internal or external sources. 
3. Getting preliminary concept design and construction method (technical pre-planning). 
4. Conducting pre-brainstorming session. 
5. Conducting bidding process to select subcontractor with 3 options: 
a. Conventional method. 
b. Moving to the sea from the land side method. 
c. Sinking method. 
6. Conducting brainstorming session with all project team members. 
7. Collecting the design and construction impact from multidiscipline engineers. 
8. Selecting and distributing the prioritized constructability decision (endorsed by 
management). The 5.b. method was selected as the best option. 
9. Preparing the realistic EPC Planning and Schedule, based on limited resources. 
10. Getting design concept approval from owner. 
11. Having optimization of design based on constructability concept. 
12. Having in-house detail design. 
13. Selecting and deciding  the subcontractor and method statement 
14. Presenting the detail sequence of work to key personnel of the subcontractor. 
15. Controlling and monitoring of construction. 
 
This constructability process clearly shows that construction experience and knowledge either 
from the constructability team or from the contractor during the early stage of design were 
considered very significant to achieve constructability improvement. During the detail design, 
all aspects of constructability were once again analysed carefully. As mentioned in item no. 8, 
the method 5.b. was selected as the best option.  
The most beneficial constructability elements from the case study were the documented 
lesson learned, captured during the improvement process. The primary constructability input 
was from brainstorming session, especially from team members’ or subcontractors’ past 
experience. After decision had been made, the engineering group started to revise the design 
drawings based on the method statement that already been reviewed by the constructability 
team. The innovative method involved reclamation, piling, cofferdam, excavation, and 
concrete structure work sequencing, see Fig.6. 
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Figure 6. Innovative new method: piling, sheet piling, excavation and concreting from onshore. 
 
The innovative method introduced in this project had given significant impact to the typical 
engineering and construction process starting from the process areas to the sea water intake 
structure. It had also forced the design engineers to assume and analyse a higher degree of 
risk associated with early sizing especially in piping and mechanical equipment lay-out 
drawings. There was an increase in design effort attributed to this practice due to the 
increased of risk. Nevertheless, the increased demand of rework can be avoided, the safety 
and productivity were enhanced, and the amount of work performed within sea area was 
reduced to a minimum thus allowing medium piling machine, trucks, and small crane to be 
used to support the various activities simultaneously. The early site access of the onshore 
based method had also enhanced the safety and productivity, because the site activities 
focused on the civil works only without any other disciplines involved. The complexity and 
risk of pipe header installation was also reduced.  
The significant improvements from the innovative SWI construction method were: 
• Elimination of piling work using machine mounted on a barge and replaced by an 
onshore piling work.  
• Elimination of excavating method using a barge to excavation from the shore. 
• Higher productivity for piling, excavation, and concrete work 
• Having purchasing schedule for sheet pile not in the critical path. 
• Having pipe header foundation done earlier. 
 
This innovative SWI construction method also reduced the likelihood of delays in providing 
utilities, or improving the construction work environment especially due to sea waves, 
weather conditions and usage of heavy struts and stiffeners. 
At completion of the project, the documented cost saving using this innovative method 
was  15.35% and time saving of 5 months (14.21%). Most of saving was contributed from the 
ease of onshore construction method. The qualitative benefits of this constructability 
improvement and innovation are increased focus on common goal, increased understanding of 
purpose/ effect of individual involvement, increased commitment from team member, 
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improved quality, improved site accessibility, enhanced safety, and better control of risk. 
Early efforts on construction activities reduced the congestion of the construction area during 
peak load of project. The early effort on constructability implementation had also forced the 
engineers to put their best effort for each stage of project. 
 
Conclusion and Recommendation 
 
The case study shows that documented lesson learned constructability implementation can 
lead to innovation and improve the project performance. The project cost and time 
performance were improved significantly. The documented process of constructability 
innovation during design stage, early involvement of construction knowledge and experience 
personnel, and standardization of design are the most influenctial factors of constructability 
implementation in increasing project performance and reducing project cost.  
The qualitative benefits of this constructability innovation include: reduce time schedule; 
increase focus on common goal; increase understanding of purpose/ effect of individual 
involvement; increase commitment from team member; improve quality; improve site 
accessibility; enhance the safety; and have better control of risk. Early effort of construction 
activities can reduce the project schedule and congestion of the area during peak load of the 
project. The early effort of constructability implementation can enforce the engineer to 
conduct the best effort for each stage of project. Construction experience and knowledge from 
the constructability team and input from subcontractor in the early stage of design are very 
significant to this improvement. 
The significant improvements from the innovative SWI construction method were; 
eliminate piling work using machine mounted on a barge and replaced by an onshore piling 
work; eliminate excavating method from using the barge to excavation from the shore; have 
higher productivity for piling, excavation, and concrete work; make purchasing schedule for 
sheet pile not in the critical path; and have pipe header foundation done earlier. 
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